We provide a straightforward generalization of a positive map in M 3 (C) considered recently by Miller and Olkiewicz [5]. It is proved that these maps are optimal and indecomposable. As a byproduct we provide a class of PPT entangled states in d ⊗ d.
Positive maps in matrix algebras play important role both in mathematics and theoretical physics [1, 2, 3, 4] . In the recent paper [5] 
It was proved [5] that Λ 3 is a bistochastic positive extremal (even exposed) non-decomposable map. In this paper we provide the following generalization
where
Now we use the well known result [2] : a block matrix
with C > 0 is positive iff
Hence, to prove that Λ d yy † ≥ 0 it is necessary and sufficient to show that
One has
which ends the proof. ✷ Remark 1. It is very easy to check that Λ d is unital and trace-preserving and hence it defines a positive bistochastic map.
Proposition 2. Λ d is nondecomposable.
Proof: to prove it we construct a PPT state ρ PPT such that Tr(W d ρ) < 0, where
denotes the corresponding entanglement witness ( [6] and the recent review [4] ). Let us define
, where e ij = |i j|. Let us observe that ρ ≥ 0 iff the following
which is the case due to the fact that its eigenvalues read:
Its positivity follows from the simple observation that the following 2 × 2 submatrices
are positive. Now,
which finally proves that Λ d is nondecomposable. ✷ Now we are ready to show that a map Λ d is optimal [7] .
Proposition 3. Λ d is optimal.
Proof: to prove optimality we use the following result from [7] : if the entanglement witness W = (1l ⊗ Λ)P + d allows for a set of product vectors ψ k ⊗ φ k such that
then if ψ k ⊗ φ k span C d ⊗ C d the map Λ is optimal. Now, take arbitrary x ∈ C d and define
One finds
is at least of rank d − 1 and hence its kernel is at most 1-dimensional. To find the corresponding zero-mode of
Observing that the last row of W d (x) is a combination of the previous ones, we find the vector of the kernel solving the equation
which implies (up to a scalar), that v = a and w = −z. Denoting the solution as y(x), one gets the family q(x) = x ⊗ y(x) of product vectors such that x ⊗ y(x)|W |x ⊗ y(x) = 0. A vector from the family has the following coordinates:
It remains to show that vectors q( 
is zero iff all coefficients are zero. Indeed, all the coefficients multiply the different monomials. There are no non-zero vectors orthogonal to the subspace spanned by the vectors q(x), so these vectors span the whole Hilbert space of the system, what implies optimality of the witness. ✷ In conclusion we have shown how to generalize a positive map in M 3 (C) considered in [5] to a positive map in M d (C). We have proved that this map is optimal and indecomposable. As a byproduct we provide a class of PPT entangled states in d ⊗ d. It would be interesting check whether this generalized map is extremal or even exposed.
